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Figure 1. Comparison of Atomic and Continuum Elastic Flexible Fitting of RNA Polymerase
(A) Fifteen displacement vectors (red), computed as described in (Wriggers and Chaco´n, 2001), predict the motion of the crystal structure
(blue tube) toward the electron microscopy map (gray wireframe).
(B) The displacements were applied in a molecular dynamics simulation (Wriggers and Chaco´n, 2001) to bring the domains of the atomic
model into register with the map. Warmer colors indicate larger deformations relative to the crystal structure in (A).
(C) The sparsely sampled displacements in (A) were extended to the atom positions of the crystal structure using the 3D Bookstein thin plate
splines method (Bookstein, 1991). Compelled by the displacements, the Bookstein method warps the embedding space while minimizing the
deformation energy of the continuum.
Bookstein, F.L. (1991). Morphometric Tools for Landmark DataWilly Wriggers
(Cambridge: Cambridge University Press).School of Health Information Sciences and
Chaco´n, P., Tama, F., and Wriggers, W. (2003). J. Mol. Biol. 326,Institute of Molecular Medicine for
485–492.
the Prevention of Human Diseases
Gerstein, M., and Krebs, W. (1998). Nucleic Acids Res. 26, 4280–
University of Texas Health Science Center at Houston 4290.
Houston, Texas 77030 Horiuchi, T., and Go, N. (1991). Proteins 10, 106–116.
Schulten, K., Balaeff, A., and Mahadevan, L. (2004). Structure 12,
this issue, 123–132.
Selected Reading
VandeVondele, J., and Rothlisberger, U. (2000). J. Chem. Phys. 113,
4863–4868.
Abraham, F., Broughton, J., Bernstein, N., and Kaxiras, E. (1998). Westcott, T.P., Tobias, I., and Olson, W.K. (1995). J. Phys. Chem.
Comput. Phys. 12, 538–546. 99, 17926–17935.
Wriggers, W., and Chaco´n, P. (2001). Structure 9, 779–788.Alberts, B. (1998). Cell 92, 291–294.
Structure, Vol. 12, January, 2004, 2004 Elsevier Science Ltd. All rights reserved. DOI 10.1016/j .str .2003.12.008
The enzyme dUTP pyrophosphatase (dUTPase) cata-Induced Fit, Drug Design,
lyzes hydrolysis of dUTP to dUMP and pyrophosphate.and dUTPase The reaction serves two essential functions in DNA me-
tabolism. First, the product, dUMP, is the primary source
of substrate for synthesis of dTTP via thymidylate syn-
thase. Second, hydrolysis of dUTP lowers its intracellu-
lar concentration, limiting misincorporation of uracil into
DNA. The presence of A·U base pairs in DNA leads to
In this issue of Structure, the crystal structure of trypa- errors in transcription, and excessive replicative repair
nosomal dUTPase exemplifies convergent evolution by uracil DNA glycosylases. This in turn leads to multiple
and the role of induced fit in substrate recognition. This strand breaks, observed as Okazaki fragments, in a pro-
structure opens the door for developing antiparasitic cess termed thymineless cell death. Hence, dUTPase is
therapies that induce cell death by targeting a required not only for the biosynthesis of dTTP, but also
for maintaining the integrity of genomic DNA.dUTPase.
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Cancer cells exhibit higher rates of DNA synthesis occur on helices of a single subunit, with the fifth pro-
vided by a loop, or “latch,” from the other subunit.and are more susceptible to misincorporation of uracil
into DNA. A great deal of effort has gone into the devel- Hence, the structure of trypanosomal dUTPase repre-
sents a unique evolutionary solution to the requirementopment of drugs targeted at enzymes in pyrimidine nu-
cleotide metabolism. For example, 5-fluoro-uracil deriv- for dUTP ,-phosphodiester cleavage, one in which
assembly of the active site entails repacking of multipleatives, which inhibit thymidylate synthase (TS), induce
thymineless cell death (Shoichet et al., 1993). Methotrex- helices, triggered by binding of the substrate.
The marked differences in T. cruzi dUTPase affordate, an inhibitor of dihydrofolate reductase, affects TS
activity indirectly. Given the essential role of dUTPase, opportunities for the design of inhibitors specific to the
protozoan enzyme. As observed by Harkiolaki et al., theit is clear that dUTPase inhibitors could be effective
drugs. However, the challenge is to establish specificity trypanosomal enzyme in the open conformation pre-
sents an extended groove across the dimer interface;for the target dUTPase (cancer cell, bacterial, viral) vs.
the host dUTPase, so as not to interfere with DNA syn- compounds very different than dUTP could target this
feature. In the substrate bound, closed conformationthesis in the host. This has been difficult due to the
sequence similarity among eukaryotic, bacterial and vi- there are distinct differences in the two classes of dUT-
Pases. Eukaryotic, bacterial and viral enzymes discrimi-ral dUTPases, all of which manifest five highly conserved
sequence motifs and assemble as trimers (Gonzalez et nate uracil from cytosine through complementary hydro-
gen bonds provided exclusively by five main chainal., 2001; Mol et al., 1996; Prasad et al., 1996; Dauter et
al., 1999). Herpesviral dUTPases are distinct as mono- amides and carbonyls, and a trapped water molecule,
within a “-hairpin recognition motif” (Mol et al., 1996).mers, but retain the same active site motifs (McGeoch,
1990). Discrimination for deoxyribose is ensured by tyrosine,
which stacks on the sugar. In T. cruzi dUTPase recogni-In contrast, dUTPases from protozoan organisms,
which have evolved very differently from bacteria and tion of uracil is accomplished exclusively with the side
chains of Asn, Gln, and Trp; discrimination for deoxyri-eukaryotes, form a completely distinct family. In particu-
lar, dUTPase from the parasites Trypanosoma cruzi, bose is provided histidine. These differences would ap-
pear to allow considerable flexibility for binding nucleo-Trypanosoma brucei, and Leishmania major, lack known
conserved motifs and function as dimers (Hidalgo-Zarco tide analogs, especially if the hydrogen bonding
potential of the Asn and Gln side chains were exploitedand Gonzalez-Pacanowska, 2001). Hence, trypanoso-
mal dUTPase represents an excellent target for drug differently. Due to the alternate active site motifs, resi-
dues surrounding the  and  phosphates of dUDP dif-design. Three trypanosomal species are pathogenic to
humans, including T. cruzi, which causes Chagas’ dis- fer, as does the conformation of the phosphodiester.
Further, the arrangement of Glu and Thr side chainsease and infects millions of people, killing 50,000 a year.
There is no known cure for Chagas’ disease. Recogniz- suggests mechanistic similarity between T. cruzi dUTP-
ase and RhoA GTPase; in trimeric dUTPase Mg2 as-ing this, Harkiolaki et al. (2004 [this issue of Structure])
have determined crystal structures of Trypanosoma sisted catalysis occurs when amides of the C-terminal
motif engage the  phosphate. These differences maycruzi dUTPase. Their results are very interesting in terms
of protein folding and enzyme function. At the same allow additional freedom in identifying an inhibitor selec-
tive for T. cruzi dUTPase.time the structures open the door for the design of drugs
against protozoan parasites.
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